INTRODUCTION
Worldwide, cardiovascular diseases are the greatest cause of mortality (1). In 2013, the American Heart Association reported that 28 million Americans suff ered from cardiovascular diseases and, among these, fi ve million had experienced heart failure (HF) (2). HF represents a growing problem due to general population aging and to the prolongation of patients ' lives as a result of improvements in medical treatment and procedures (3). From a clinical point of view, it is noteworthy that most HF cases can be attributed to modifi able risk factors and, consequently, preventable (4).
The relationship between several cardiovascular risk factors (CVRF) such as hypertension, high blood cholesterol, diabetes, obesity, and smoking and HF incidence has been well-established (5 -8) . It has also been shown that minor reductions in the prevalence of some CVRF can decrease HF incidence (9) . Nevertheless, prior to the publication of the 2009 ARIC Study there was insuffi cient evidence concerning the impact of CVRF control on HF incidence.
While adequate CVRF management has been reported to result in lower HF incidence, most studies have only measured them at the commencement of the cohort follow-up, without considering an intermediate analysis (10) . In addition, the optimum high-risk cut-off remains to be determined.
Although several cohort studies have analysed the eff ect of CVRF in a long-term follow-up, little is known about the control of these factors prior to onset, particularly at the period close to the HF episode. This study aimed to determine the eff ect of good CVRF control on the occurrence of fi rst episode HF hospitalization.
METHODS

Study design
A retrospective, observational study was carried out comparing two groups, one with and the other without HF. Information used in the analysis came from a database located at the Heart Failure Unit of the Hospital del Mar, which covers the catchment area of the study (to identify the cases), and the SIDIAP (system information for the development of research in primary care) for the controls. The SIDIAP is a clinical database of anonymized patient records containing information for almost six million people coming from 274 primary care practices in Catalonia.
Since a number of factors, such as variability in the quality of the primary healthcare record registration, could have infl uenced the eff ect of CVRF control on HF occurrence, we designed a case-control study using propensity score-matching methodology. This allowed us to assemble two balanced groups of patients sharing the same co-variable profi le, with the exception of those of interest, in order to minimize the eff ect of potential bias (11) (Figure 1 ) .
All CVRF measurements obtained in a primary care setting during the two years prior to the fi rst HF hospital admission were analysed. Four controls were taken for every case. Time was divided as follows: 24 to 13 months prior to the fi rst HF episode; from 12 months to the day of the fi rst HF episode; and the whole period of 24 months prior to the HF episode.
Study population and inclusion criteria
Primary healthcare in this area is provided by 10 large centres with 168 general practitioners (GPs). All the centres share the same information technology system for recording clinical information electronically. Hospital reports are also available from this system and can be consulted by GPs. Clinical and laboratory test data corresponding to the two years prior to study inclusion were drawn from the primary healthcare records of all participants.
Cases. All patients were admitted because of a fi rst HF episode between 2008 and 2011 to a hospital covering a population of 176 659 inhabitants living in Barcelona (Spain). The diagnoses were retrieved from the hospital discharge reports, which included the International Classifi cation of Diseases (ICD 9: 428).
Controls.
Initially, the whole adult population Ͼ 30 years old residing in the catchment area was selected, who had consulted their GP in the study period, and who were free from HF on the date of inclusion (ICD 10: I50). ICD 10 was employed because it is the classifi cation system used in primary healthcare records in Catalonia.
Matching process . Groups were paired by age, gender, CVRF, treatment for cardiovascular prevention, and the presence of coronary heart disease.
The process was carried out with the ' nearest neighbour (calliper ϭ 0.2), ' ' MatchIt ' procedure, which improved the quality of matching (12,13). R Statistical package was used to analyse the results (14). Because of the high number of available controls, it was possible to achieve a very similar co-variable distribution in both groups. As a result, no more than one control for each case was needed to have statistical power to test the main hypothesis. 
Variables
The day of the incident HF episode was proposed as the date of study inclusion for both cases and matched controls. Incident HF was defi ned as a fi rst hospitalization that, on the discharge report, included ICD 9: 428 as a fi rst diagnosis since ICD 9 is the classifi cation system used by hospitals. For each matched potential control, information was collected according to the date of hospital admission of the respective case. This procedure allowed us to obtain the same period of analysis for cases and controls.
Variables used for the matching procedures. Cases and controls were paired for multiple variables that could infl uence the eff ect of CVRF on HF occurrence. In addition to socio-demographic variables (gender and age), the following were included in the matching process: Cardiovascular co-morbidity: hypertension (ICD 10:
• I10 -I15), dyslipidaemia (ICD10: E78), coronary heart disease (ICD 10: I20 -I25), stroke (ICD 10: I61, I63, I64), and diabetes mellitus (ICD 10: E10 -E14). Drug therapy for CVRF: angiotensin-converting • enzyme inhibitors, angiotensin-receptor blocker, dosazoxine, statins, diuretics, calcium channel blockers, beta-blockers, aspirin, and glucose-lowering drugs.
Independent variables considered for analysing the eff ect of CVRF control on HF occurrence.
Values for systolic and diastolic blood pressure, total cholesterol, LDL and HDL cholesterol, heart rate, creatinine, fasting blood glucose, triglycerides, glycosylated haemoglobin, and body mass index were also gathered from medical records. For the purpose of the analysis, measurements were summarized in three groups: the mean of all variable measurements taken the year prior to the inclusion date; the mean of all variable measurements taken in the period 24 to 13 months prior to inclusion; and, and the mean of the whole period (the two years) prior to the inclusion date.
In 2013, European guidelines set a goal to achieve blood pressure levels below 150 -140/90 mmHg (15). Lipids were considered well controlled when LDL-cholesterol was lower than 115 mg/dl and glucose control when glycosylated haemoglobin was lower than 7% (16).
Statistical analysis
An initial, descriptive comparison between groups of all variables was performed to evaluate their balance after the matching process. Statistical signifi cance was assessed by the chi-square test when the frequencies of comorbidity and demographic variables were compared among groups. The average determinations between one year and two years prior to the inclusion date were compared by student ' s t -test. This analysis was conducted with complete cases (Tables 1 and 2) .
Diff erent logistic regression models (ENTER method) were developed to analyse the relationship among the values of previous determinations of risk factors and the occurrence of HF. Models were adjusted by variables that were statistically signifi cant at bivariate analysis or were clinically associated with HF. In all models, the goodness of fi t hypothesis was tested by the HosmerLemeshow test.
Multiple imputation procedure was used to handle missing data in the multivariate analysis using Stata 12 (Stata Statstical Software: Release 12; StataCorp LP, College Station, TX). The estimates of the parameters for each imputed data set were combined using Rubin ' s rules. Estimates of the risk diff erences and odds ratios are reported with corresponding 95% confi dence intervals and P values. In all tests, a level Ͻ 0.05 was considered statistically signifi cant.
Ethics
All Helsinki Declaration ethical criteria were respected. Since it was an observational study, participants underwent no interventions other than the usual clinical care. Information from clinical records was correctly anonymized before analysis in order to preserve participants ' confi dentiality. The study protocol was approved by the Primary Healthcare University Research Institute IDIAP-Jordi Gol.
RESULTS
From the potentially eligible 152 cases and 176 090 controls, 645 participants were fi nally selected (129 cases and 516 controls) after the matching process, which reduced the probability of a selection bias by 98% (Figure 2) . Table 1 . Diff erences in cardiovascular comorbidity between individuals admitted to hospital because of a fi rst heart failure episode and those without heart failure, after the matching process. Cases (heart failure) n ϭ 129 n (%) Controls (free from heart failure) n ϭ 516 by hypercholesterolaemia (44.5%), type 2 diabetes (40.6%), and smoking (12.1%). Since the two groups were paired for all these factors, diff erences between them after the matching process were not signifi cant.
Mean age was 71.9 (SD: 11.2) in the group of cases and 73.4 (SD: 11.9) in the control group ( P ϭ 0.187). Other variables are presented in Table 1 . With respect to the number of CVRF present at inclusion, 84.7% had at least one CVRF, and 57.5% had two or more. There were no diff erences between cases and controls with respect to the number of CVRF present at inclusion ( P trend ϭ 0.474).
Cardiovascular risk factors
Regarding the time elapsed before the fi rst HF episode, body mass index was found to be signifi cantly higher in both the previous one and two years (Table 2) . Systolic blood pressure was higher during the whole period, particularly in the 12 months prior to the fi rst HF episode. Blood pressure control (systolic blood pressure Ͻ 140 mmHg and/or diastolic blood pressure Ͻ 90 mmHg) was worse during the whole study period without reaching a statistical signifi cance. Fasting blood glucose levels appeared to be related to HF occurrence. Total cholesterol and low-density lipoprotein cholesterol did not show statistical diff erences between cases and controls although high-density lipoprotein cholesterol levels were signifi cantly lower in the former.
Population characteristics
The average age was 73.0 (SD: 11.8) years, and 47. 9 % were women. Among cases, 49.6% had HF with preserved ejection fraction. The most frequent CVRF present in both groups was hypertension (69.8%), followed Table 2 . Diff erences in cardiovascular risk factor levels and their control between individuals admitted to hospital because of a fi rst heart failure episode (cases) and those free from heart failure (controls), according to the time elapsed before the date of inclusion. (The inclusion date was determined by the hospital admission of the corresponding cases. 
Body mass index
In concurrence with other studies, a greater proportion of HF in both subjects with a higher body mass index and individuals with worse fasting blood glucose levels was observed (23 -25). However, and in contrast to some other studies, we did not fi nd a higher frequency of HF in diabetic patients with poorly controlled glycosylated haemoglobin, which may have been due to our small sample size (26).
With respect to cholesterol and in agreement with a review published by Kannel in 2000, no relationship was observed between total cholesterol and a higher occurrence of HF (3).
Strengths and limitations
The cases included in the study, had a validated HF diagnosis based on discharge reports. More than 170 000 potential controls (all living in the area and complying with the inclusion criteria) were initially retrieved from When analysing all blood pressure measurements taken during the whole period of the study, it was found that 11.0% (mean 2.03) and 6. 0 % (mean 1.2) of the total ( P ϭ 0.001) were badly controlled in cases and controls, respectively. No diff erences were found between cases and controls regarding the percentage of well-controlled glycosylated haemoglobin and LDL measurements.
Multivariable analysis, after adjusting for potential confounding factors, showed that the probability of having an HF episode when systolic blood pressure was greater during the year immediately before diagnosis (OR: 1.03 95% CI: 1.01 -1.04) ( Table 3) .
DISCUSSION
Main fi ndings
In this study was found that even moderately increased levels of body mass index and systolic blood pressure determined a higher risk of having a fi rst HF episode. This risk was especially signifi cant in the case of systolic blood pressure where the possibility of experiencing an HF was 1.3 times higher for every 5 mmHg increment during the year prior to the fi rst HF hospitalization episode. Although fasting blood glucose tended to be high in all HF patients, when diabetic patients were considered separately glycosylated haemoglobin did not aff ect the risk. Regarding lipid profi le, only high-density lipoproteins were related to HF occurrence.
Hypertension
Hypertension is the principal risk factor involved in HF occurrence (17). Aggressive lowering of blood pressure has been reported to play a key role in reducing the risk Table 3 . Crude and adjusted odds ratio for the fi rst heart failure hospital admission episode according to previous clinical determinations. ORs 
Implications for clinical practice
These results should encourage GPs to fi ll the preventive gap that occurs with many patients due to their not displaying a high-risk profi le. The results indicate the relevance of sustained, well-controlled CVRF. Moreover, we would like to stress that the continuity and longitudinality of care provided by primary healthcare professionals are crucial in order to prevent a fi rst episode of HF in a population at risk.
Conclusion
Increased levels of body mass index and systolic blood pressure during the previous 24 months may determine a higher risk of having a fi rst HF hospitalization episode.
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primary healthcare records, which signifi ed a completely external validation of our population. A considerable number of the controls were originally from other European, African, Asian, and Latin American countries. Thus, the population was suffi ciently heterogeneous to ensure external validity to many areas with similar population characteristics. Propensity score methodology allowed us almost to eliminate the potential bias between cases and controls and to introduce a high number of co-variables into the matching process.
Unlike other studies, data from primary healthcare records were used. GPs have a privileged role in the care of a population at high cardiovascular risk and with varying chronic conditions (27,28) because of the possibility of carrying out a long-term follow-up of these patients. The asymptomatic left ventricular systolic dysfunction has been recently reported in approximately one out of every 20 at-risk medical inpatients with at least one HF risk factor (29).
Although HF still has a poor prognosis, the widespread use of evidence-based treatment has improved outcomes (30). Since a substantial number of patients with HF have preserved left ventricular ejection fraction, and that this condition is particularly frequent in older, female, obese, and hypertensive patients, we should be especially careful in treating these subjects and applying preventive measures, which have been proven eff ective (31).
Since this was an observational retrospective analysis, there could have been some variability in registration and quality of CVRF measurements. Laboratory tests in clinical practice are, however, well standardized and, in this study, centralized in two laboratories. Blood pressure measure procedure has a clear protocol in the primary care setting and it is usually taken with periodically calibrated automatic devices.
We have only employed data from the two years prior to the fi rst HF episode, which means that the longterm eff ect of CVRF cannot be evaluated.
The lengthy period of analysis (2006 -2011) could also have infl uenced variability in the quality of available data (during this period administrative changes were carried out to improve the register of information in the medical records). The issue was resolved by matching the data from each case with a control at the same period.
Anti-hypertensive medication was included in the matching process to minimize its eff ect on both CVRF control and the probability of having an HF. Nevertheless, we cannot be sure whether subjects taking more anti-hypertensive drugs had a worse prognosis, in spite of reaching lower blood pressure levels, due to the harmful eff ects of these medications. The issue could be raised as a future research question.
